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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is suitable as a heat exchanger for heating of the air conditioner for automobiles from which 
especially a warm water flow rate changes extensively about the corrugated fin type heat exchanger for heating which carries out 
the heat exchange of warm water and the air, and heats air. 
[0002] 

[Description of the Piior Art] The heat exchanger 2 for heating is installed in the cooling water (warm water) circuit of the engine 
1 for an automobile run, and while circulating through warm water to the heat exchanger 2 for heating by the water pump 3 driven 
with an engine 1 , the warm water flow rate to the heat exchanger 2 for heating is controlled by the flow control valve 4, and it is 
made to adjust the blow-off air temperature of this heat exchanger 2 conventionally, as an automobile is shown in drawing 1 . 
[0003] Moreover, it circulates through an engine cooling water at a radiator 6 through a thermostat 5, and is made to cool an 
engine cooling water with this radiator 6 by the water pump 3. A thermostat 5 opens, when a circulating water temperature rises 
like common knowledge more than predetermined temperature, and it pours cooling water at a radiator 6. 7 is the bypass circuit 
of an engine cooling water. 8 is a radiator side circuit, 9 is a heater side circuit, and a water pump 3 makes all these circuits 7, 8, 
and 9 circulate through cooling water. 
[0004] 

[Problem(s) to be Solved by the Invention] since [ by the way, ] a water pump 3 drives with an engine 1 -- a pump rotational 
frequency -- an engine speed -- if it puts in another way, it will change with the vehicle speed shaiply and the warm water flow 
rate to the heat exchanger 2 for heating will also change shaiply in connection with it Thus, at the time of the low vehicle speed 
(at the time of a low flow rate), as a result of the warm water flow rate to the heat exchanger 2 for heating changing shaiply, as 
shown in drawing 2 , the problem that the thermolysis performance of the heat exchanger 2 for heating falls extremely arises. 
[0005] That is, drawing 2 takes the thermolysis performance Q of a heat exchanger 2 along a vertical axis, the warm water flow 
rate Vw to a heat exchanger 2 is taken along a horizontal axis, the warm water flow rates at the time of a vehicle speed:60 km/h 
run are 161. / min, and the warm water flow rates at the time of an idling are 41. / min. With the fall of this warm water flow rate, 
the thermolysis performance at the time of an idling fell no less than 22% as compared with the time of a vehicle speed:60 km/h 
run, and had the prob^m that a heating feeling was spoiled. 

[0006] Since start of i:a automobile and a halt were frequently repeated by the passage signal while the automobile was carrying 
out the city area run especially, when it became at the time of an idling, crew will sense the shortage of heating and had the 
problem that a heating feeling was spoiled remarkably each time. When this invention person examined many things and 
considered the cause of the above-mentioned thermolysis degradation, that they are the following reasons made him clear. 
[0007] As the heat exchanger 2 for heating is shown in drawing 3 , it has flat tube 2a by which the parallel arrangement was 
carried out so that it may become parallel to the air ventilation direction, and only one train is arranged in the air ventilation 
direction, and this flat tube 2 a is constituted as a corrugated fin type heat exchanger which conn gated fin 2 b has been arranged 
between this flat tube 2a by which the parallel arrangement was carried out, and was joined. 2c shows the core section which 
consists of this flat tube 2a and corrugated fin 2b. 

[0008] Drawing 4 is water side heat transfer rate alphaw of flat tube 2a to a vertical axis. It takes and Reynolds number Re and 
the warm water flow rate Vw of warm water passage by flat tube 2a are taken along a horizontal axis. Since the Reynolds 
numbers are 500-2200 and the heat exchanger 2 for heating is used in an intermediate-flow region from a laminar-flow region 
within the range of the warm water flow rate which flows to the heat exchanger 2 for heating (vehicle speed : the warm water flow 
rate at the time of 60 km/h run 1 61. / min, and the warm water flow rate at the time of an idling 41. / min) so that I may be 
understood from this drawing 4 , it is water side heat transfer rate alphaw. It changes with change of a warm water flow rate a lot. 
Consequently, it is water side heat transfer rate alphaw at a low flow rate region. It turns out that it is the cause of falling greatly 
and reducing the thermolysis performance at the time of an idling. 

[0009] This drawing 4 shows the experimental result at the time of using the normal tube which has not added the dimple for 
turbulent flow promo. :on of warm water (toothing-like section) to the internal surface as flat tube 2a. Above-mentioned water side 
heat transfer rate alph;.* w For improvement, it is usually used abundantly to aim at turbulent flow promotion of the warm water in 
a tube, specifically, the disorder generator for turbulent flow promotion is inserted into a tube, or the conventional proposal of 
forming the dimple for turbulent flow promotion at a tube inside is made. 
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[0010] then, water side heat transfer rate alphaw at the time of using flat tube 2a in which the dimple for this turbulent flow 
promotion was formed ******** - when it measures, it is shown in drawing 5 -- as - the aforementioned normal tube -- 
comparing - a dimple tube -- water side heat transfer rate alphaw On the whole, it improves. Moreover, Reynolds number Re of 
the transition point from a turbulent flow to a laminar flow decreases from 1400 in the case of a normal tube to 1000. 
[001 1] However, it also sets in a dimple tube and is water side heat transfer rate alphaw. The point of changing with change of a 
warm water flow rate a lot is the same as usual, therefore - ****** it uses the turbulent flow promotion technology like a dimple 
tube the thermolysis in the time of a low flow rate (at the time of the low vehicle speed) -- the technical problem are deficient in 
performance is not solved this invention was made in view of the point describing above, and aims at offering the corrugated fin 
type heat exchanger which can improve effectively the thermolysis performance in a low flow rate region. 
[0012] 

[Means for Solving the Problem] Water side heat transfer rate alphaw [ as opposed to / using Reynolds number abbreviation 1000 
as a transition point so that I may be understood from above-mentioned drawing 4 and 5 / the Reynolds number in a laminar-flow 
region in the field not more than it ] Change (inclination) is very small and the bird clapper was found, this invention is water side 
heat transfer rate alphaw in this laminar-flow region. Change (inclination) makes the Reynolds number of flat tube passage 
extremely small very small paying attention to a bird clapper. As flat tube passage always serves as a perfect laminar-flow region 
until it results [ from a high flow rate region ] in a low flow rate region in the anticipated-use range of a warm water flow rate, it is 
water side heat transfer rate alphaw. It is water side heat transfer rate alphaw at the same time it makes change small. It is going to 
raise and is going to raise the thermolysis performance in a low flow rate region. 

[0013] Therefore, in this invention, technical means according to claim 1 to 4 are adopted. Namely, the flat tube with which the 
parallel arrangement of a large number was carried out so that it might become parallel to the air ventilation direction in invention 
according to claim 1, and only one u-ain has been arranged in the air ventilation direction (2a), It is the corrugated tin type heat 
exchanger which is arranged between this flat tube (2a) by which the parallel arrangement was earned out, and has the joined 
corrugated fin (2b). (a) It is set as the range whose inside thickness (b) of the aforementioned flat tube (2a) is 0.6-1 .2mm. (b) It is 
set as the range whose height (Hf) of the aforementioned corrugated fin (2b) is 3 -6mm. (c) The cross section expressed with the 
product of the whole surface width-of-face size (W) of the core section (2c), and a thickness size (D) which consists of an 
aforementioned flat tube (2a) and an aforementioned corrugated fin (2b) (WxD), A ratio (St/WxD) with the passage gross area 
(St) of the aforementioned flat tube (2a) According to the inside thickness (b) of the aforementioned flat tube (2a), and the height 
(Hf) of the aforementioned corrugated fin (2b), it is characterized by the corrugated fin type heat exchanger set as the range of 
0.07-0.24. 

[0014] In invention according to claim 2, it is used as a heat exchanger for heating (2) of the air conditioner for automobiles 
through which warm water circulates by the water pump (3) driven with an automobile engine (1) in a corrugated fin type heat 
exchanger according to claim 1, and when the warm water flow rates which circulate the aforementioned core section are 161. / 
min, it is characterized by being constituted so that the Reynolds number may become 1000 or less. 

[0015] In invention according to claim 3, it is characterized by forming the aforementioned flat tube (2a) and the aforementioned 
corrugated fin (2b) in the aluminum, setting the board thickness of the aforementioned flat tube (2a) as the range of 0.2 -0.4mm, 
and setting the board thickness of the aforementioned corrugated fin (2b) as the range of 0.04-0.08mm in a corrugated fin type 
heat exchanger according to claim 1 or 2. 

[0016] In invention according to claim 4, it sets to a claim 1 or the corrugated fin type heat exchanger of any one publication of 
three. In the end section of the core section (2c) which consists of the aforementioned flat tube (2a) and the aforementioned 
corrugated fin (2b) The warm water entrance-side tank (2d) which makes warm water flow into the aforementioned flat tube (2a) 
is arranged, to the other end of the aforementioned core section (2c) The warm water outlet side tank (2f) by which the warm 
water which flows out of the aforementioned flat tube (2a) gathers is arranged, and the aforementioned core section (2c) is 
characterized by the thing from the aforementioned warm water entrance-side tank (2d) to the aforementioned warm water outlet 
side tank (2f) constituted so that it may flow only to Mukai on the other hand. 

[0017] In addition, the. sign in the parenthesis of each above-mentioned means shows a correspondence relation with a concrete 

means given in an example to mention later. 

[0018] 

[Function and Effect of the Invention] Since according to invention according to claim 1 to 4 a laminar-flow region is 
maintainable even if it makes the Reynolds number of flat tube passage sufficiently small and a warm water flow rate changes 
extensively by having the core section composition by the above-mentioned numerical limitation, change of the water side heat 
transfer rate of a flat tube can be made small. 

[0019] And it can come, simultaneously the inside thickness of a flat tube is set as the thin width-of-face size of 0.6-1 .2mm, a 
water side heat transfer rate can be improved enough, and the height (Hf) of a corrugated fin is set as the optimal range of 3 -6mm, 
and a thermolysis performance can be improved. Consequently, the low flow rate region of a warm water flow rate is also enabled 
to improve a thermolysis performance shaiply as compared with elegance conventionally, and a heating apparatus user's heating 
feeling can be improved remarkably. 

[0020] Since start of an automobile and change of the warm water flow rate accompanying the repeat of a halt arise frequently in 
the air conditioner for automobiles especially, the effect of the above-mentioned heating feeling improvement is very useful 
practically. 
[0021] 
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[Example] Hereafter, the example which shows this invention in drawing is explained. First, the reason for numerical limitation of 
the core section composition in invention according to claim 1 is explained in full detail. Generally in above-mentioned drawing 3 
, as for each sizes W, D, and H of core section 2c of a heat exchanger 2, the thing with core **** of w= 100-300mm, a core 
section height [ of H= 100-300mm ], and a core section thickness of 16-42mm is used from the loading nature and the required 
thermolysis performance into the heater unit case of the air conditioner for automobiles. 

[0022] Moreover, as the height Hf of corrugated fin 2b is shown in drawing 6 , it is optimal to set it as the range of 3 -6mm 
focusing on 4.5mm from the point of a thermolysis performance, and this is proposed in JP,5-196383,A. What is necessary is on 
the other hand, just to decrease the warm water rate of flow v in a tube, and the projected diameter de of flat tube 2a from the one 
following, in order to make small Reynolds number Re of the passage in flat tube 2a and to always make passage in flat tube 2a 
into a laminar-flow region. 
[0023] 

[Equation 1] Re=v-de/nu, however nu are the coefficients of kinematic viscosity of warm water. Moreover, the projected diameter 
de of flat tube 2a is a diameter of circle with the same area as the cross section of flat tube 2a. And what is necessary is just to 
enlarge the tube passage gross area St from the two following, in order to decrease the above-mentioned rate of flow v in a tube. 
[0024] 

[Equation 2] v=Vw/St, however Vw are the warm water flow rates to a heat exchanger 2, and St is total of the passage cross 
section of all tube 2a of core section 2c. Moreover, what is necessary is just to make small the passage cross section A per one of 
flat tube 2a from the three following, in order to make small the projected diameter de of flat tube 2a. 
[0025] 

[Equation 3] de=4. A/L, however L are the wetted-perimeter length in flat tube 2a (it sets in below-mentioned drawing 7 and the 
cross-section configuration of flat tube 2a shown in 8, and is inner circumference side-attachrnent-wall side length). In addition, 
what mixed the antifreezing solution with which the warm water (engine cooling water) through which it circulates to a heat 
exchanger 2 generally mixed the rusr-proofer etc., and water by a unit of about 50% is used, and warm water temperature is 
maintained with the thermostat 5 by 85 degrees of abbreviation C. 

[0026] By the way, since it conflicts, in order to enlarge the tube passage gross area St, making small the passage cross section A 
of flat tube 2a, as for making small the passage cross section A per one of flat tube 2a, and enlarging the tube passage gross area 
St, it is desirable to adopt the composition of core section 2c like a degree. That is, on the other hand, it is good to increase the 
number of installation of flat tube 2a which pours warm water only to Mukai on the other hand, without considering composition 
of core section 2c as the U-turn type which makes a U-tum and pours warm water in the core section cross section (WxD) and to 
which warm water flows in parallel within the same cross section (WxD) as a Mukai flow type (all path types). This 1 
direction-flow type (all path types) of concrete core section composition is later mentioned by drawing 15 . 
[0027] Next, about core section 2c with width of face of W= 1 80mm shown in said drawing 3 , a height of H= 1 80mm, and the 
size with a thickness of D= 27mm, this invention person examined the tube passage gross area St which can make Reynolds 
number Re 1000 (perfect laminar-flow region shown in drawing 5 ) or less until the warm water flow rate Vw increased to 1 61. 
which is a flow rate in the time of a vehicle speed 60 km/h run / min. 

[0028] here, since the tube passage gross area St changes with the sizes (W, D) of core section 2c, it is shown in drawing 7 — as 
— a horizontal axis — the ratio of the tube passage gross area St and the cross section (WxD) of core section 2c — St/WxD was 
taken, Reynolds number Re was taken along the vertical axis, inside thickness b of tube 2a was taken in 0.5-1 .7 as a parameter, 
and the relation between the aforementioned ratio St/WxD and Reynolds number Re was considered 

[0029] Inside thickness b of the above-mentioned tube 2a says the thickness of the direction of a shorter side of flat tube passage 
in the cross-section configuration of flat tube 2a shown in drawing 8 . Moreover, a shows the width-of-face size of the direction of 
the long side of flat tube 2a. In examination of drawing 7 , inside thickness b was changed as the inside width of face a of flat tube 
2a being fixed 26.5mm. 

[0030] Consequently, the aforementioned ratio StYWxD in each tube thickness b from which Reynolds number Re is set to 1000 
is expressed with O mark of drawing 7 . As shown in drawing 7 , in each tube thickness b, many aforementioned ratio StAVxD 
from which Reynolds r.umber Re becomes 1000 or less exists. Then, this invention person examined optimal tube thickness b 
from the performance side further, and considered the relation between this optimal tube thickness b and the tube passage gross 
area St. 

[0031] That is, in with width-of-face [ of W= 180mm ], height [ of H= 180mm ], and a thickness of D= 27mm core section 2c, 
the fin height Hf examined optimal tube thickness b from the performance side as 4.5mm which is the central value of the 
aforementioned optimal range (3-6mm). Drawing 9 is the warm water flow rate VwO which is what took the warm water flow 
rate Vw to a heat exchanger 2 along the horizontal axis, and is determined by the matching point of water flow resistance of a heat 
exchanger 2, and the pump characteristics of the water pump 3 of an engine 1 for a vertical axis in the thermolysis performance Q 
of a heat exchanger 2. Thermolysis performance Q0 which can be set It is a performance at the time of real use of a heat 
exchanger 2. 

[0032] Tube thickness b is changed and drawing 10 (a) is the thermolysis performance Q0 at the time of real use of the 
above-mentioned heat exchanger 2. It asks. Arranging, a vertical axis is the thermolysis performance QO at the time of real use of 
a heat exchanger 2. Thermolysis performance Q0 at the time of being b= 0.7 highestmm It is referred to as 1 00 and is the 
thermolysis performance Q0 at the time of these b= 0.7mm. Thermolysis performance Q0 of each receiving tube thickness b The 
rate is shown. 
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[0033] It turns out that the optimal range of tube thickness b is 0.6-1. 2mm so that I may be understood from this drawing 10 (a). 
For drawing 10 (b), Reynolds number Re is tube thickness b in 500, and water side heat transfer rate alphaw. It is water side heat 
transfer rate alphaw, so that a relation is shown and b size is small. Although it improves Since a tube pipe internal resistance 
increases by reduction of b size, a circulation warm water flow rate decreases actually and a thermolysis performance falls like 
drawing 10 (a), tube thickness b needs to make the 0.6 aforementionedmm a minimum. 

[0034] It is expressed with the slash section X of drawing 1 1 when the optimal range of a tube passage gross-area ratio (St/WxD) 
is searched for based on the above result from the optimal range (3 -6mm) of the tin height Hf, and the optimal range (0.6-1 .2mm) 
of tube thickness b. If a tube passage gross-area ratio (St/WxD) is taken for this along a vertical axis as shown in drawing 12 , 
tube thickness b is taken along a horizontal axis and it rewrites In the optimal fin height (Hf=3-6mm) and the combination of the 
optimal tube thickness (b= 0.6- 1 .2mm), it becomes within the limits of the slash section by which the tube passage gross- area 
ratio (St/WxD) was surrounded by A, B, C, and D of drawing 12 , i.e., within the limits of 0.07-0.24. 

[0035] By setting up a tube passage gross-area ratio (St/WxD) within the limits of this slash section of A, B, C, and D, in the heat 
exchanger use warm water flow rate range (a maximum of 161. / min), it becomes possible to always make Reynolds number Re 
of tube passage or less into 1000, and let the warm water flow in tube passage be a laminar-flow region. Next, the thermolysis 
performance of the heat exchanger 2 concretely designed based on the specification range mentioned above is shown in drawing 
1 3 . The heat exchanger 2 in drawing 13 is D= 27mm in width of face of W= 1 80mm of core section 2c, a height of H= 1 80mm, 
and thickness, and fin height Hf and tube thickness b are Hf=4.5mm which is the central value of the optimal range, and b= 

0. 9mm, respectively. 

[0036] Moreover, a tube passage gross-area ratio (St/WxD) is 14.5. In the designed heat exchanger 2, when it asks for the 
thermolysis performance Q, as shown in drawing 1 3 , thus, the thermolysis performance at the time of a low flow rate (41. / min at 
the time of an idling) As compared with the time of a high flow rate (1 61. / min at the time of 60 km/h run), it stops at reduction of 
11% of abbreviation, and it is below the half of the thermolysis performance percentage reduction (22%) in the conventional heat 
exchanger 2 shown in drawing 2 , and an extensive performance improvement can be aimed at. 

[0037] It sets to the heat exchanger 2 which consists of a design specification of above-mentioned drawing 1 3 , and drawing 14 is 
Reynolds number Re and water side heat transfer rate alphaw. A relation is summarized. In this invention heat exchanger, 
Reynolds number Re serves as use in 1000 or less perfect laminar-flow region in the use warm water flow rate of 4- 1 61. / the 
range of min so that I may be understood from this drawing 14 , and moreover, it is water side heat transfer rate alphaw in a low 
flow rate region. It turns out that it is improving shaiply as compared with elegance conventionally. 

[0038] Next, the example of the heat exchanger 2 which applied the numerical limited composition of core section 2c by this 
invention is described. Drawing 1 5 is what shows one example of the heat exchanger 2 for heating of the air conditioner for 
automobiles. Core section 2 c consists of flat tube 2 a and coma gated fin 2 b which, were mentioned above. Junction support is 
earned out at core plate 2d, Tanks 2e and 2f are joined by this core plate 2d, and, as for the ends of flat tube 2a, the entrance pipes 
2g and 2h of warm water are further connected to these tanks 2e and 2f by the seal joint 2i and 2j possible [ desorption ], 
respectively. 

[0039] In drawing 1 5 , if the pipe 2g side is connected to the warm water entrance side of the warm water circuit of an engine 1, 
warm water will flow in a path (warm water entrance pipe 2g and warm water entrance-side tank 2e, flat tube 2a, and warm water 
outlet side tank 2f and warm water outlet pipe 2h). Namely, in the end section of core section 2c, while arranging warm water 
entrance-side tank 2e covering the crosswise overall length In the other end of core section 2c, warm water outlet side tank 2f is 
arranged covering the crosswise overall length, and while warm water flows only in the outlet side tank 2f one direction through 
flat tube 2a from entrance-side tank 2e, it is constituted as a Mukai flow type (all path types). 

[0040] Such by on the other hand constituting a heat exchanger 2 as a Mukai flow type (all path types), it is possible to reconcile 
easily reduction of the cross section A per one of flat tube 2a mentioned above and the increase in the gross area St of the whole 
flat tube 2a. The heat exchanger 2 shown in drawing 15 is a product made from the aluminum. Flat tube 2a, It is fabricated by the 
core from the aluminum clad plate which carried out the clad of the brazing filler metal at both sides or one side, core plate 2d and 
Tanks 2e and 2f -- the aluminum - Moreover, after corrugated fin 2b is fabricated from the aluminum raise in basic wages 
material which is not carrying out the clad of the brazing filler metal and makes these parts predetermined structure with ****, in 
the soldering furnace, it was heated to soldering temperature, really soldered the whole ****** anc j has made integral 
construction to it. 

[0041] Here, as for the board thickness of range [ of 0.2-0.4mm ], and corrugated fin made from aluminum 2b, it is [ the board 
thickness of flat tube made from aluminum 2a ] desirable from viewpoints, such as a heat transfer rate and intensity, to set it as the 
range of 0.04-0. 08mm, respectively. Drawing 16 shows other examples of the heat exchanger 2 which applies this invention, and 
deforms the configuration of a tank portion, (a) - (c) is the example which set the width of face of core section 2c, and Tanks [ 2e 
and 2f ] width of face as the same size, and changes an installation position with a warm water entrance pipes [ 2g and 2h ] of 
each tanks [ 2e and 21 j. 

[0042] Moreover, to the width of face of core section 2c, (d) - (f) is the example set up so that Tanks [ 2e and 2f ] width of face 
might become large, and changes an installation position with a warm water entrance pipes [ 2g and 2h ] of each tanks [ 2e and 2f 

1. In addition, in drawing 1 5 and 16, since the heat exchanger 2 serves as a symmetrical configuration at the warm water flow 
direction of core section 2c, the above-mentioned explanation makes tank 2e a warm water outlet side conversely, and that of it 
being good also considering tank 2f as a warm water entrance side is natural. 
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ABSTRACT: 

PURPOSE: To improve the radiating performance of the low 
flow rate area of a 

warm water in a heat exchanger for space heating for an 
automotive air 
conditioner . 

CONSTITUTION: The height Hf of the corrugated fin 2b of a 
heating heat 

exchanger 2 is set to 3 to 6mm, the inner thickness of a 
flat tube 2a is set to 

0.6 to 1.2mm, and the ratio (St/W× D) of the sectional 
area (W×D) 

represented by the product of the width W to the thickness 
D of a core 2c to 

the channel total sectional area St of the tube 2a is set 
to the range of 0.07 

to 0.24 in response to the height Hf of the fin 2b and the 
inside thickness of 
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the tube 2a. Thus, the Raynolds number of the channel is 
reduced, a laminar 

flow area is always formed despite the change of warm water 
flow rate, the 

changer of a water side heat transfer ratio is reduced, a 
water side heat 

transfer ratio itself is increased, and hence the radiating 

performance of the 

low flow rate area is improved. 
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